Abstract: Background: Dietary high fat possibly causes oxidative stress. Also, it alters the pathophysiology of metabolically active myocardial tissues and vascular architecture. Emblica officinalis contains a potential antioxidant that counteracts oxidative stress and possibly maintains vascular integrity.
INTRODUCTION
High dietary fat is the major cause of the spread and expansion of atherosclerosis and coronary heart diseases [1] . Specifically, the intake of a diet with high saturated fat has been proved to be the predominant factor in the progress of atherosclerosis with decreasing lumen diameter and elasticity [2] . Atherosclerosis being multi-factorial disease is the prime cause of mortality and morbidity worldwide [3] . Coronary arterial atherosclerosis has been presumed a serious disease.
In addition, high-fat diet has been shown to have acute effects on vascular tone, by reducing endothelial-dependent vasodilation [2] . Subsequently, there is increasing evidence that high-fat diet induced oxidative stress is related to increased risk of cardiovascular diseases and vascular damages [4] .
Mainly such conditions are characterized by increased production of ROS, endothelial dysfunction and decreased NO bioavailability [5] . Such oxidative stress enhances the susceptibility of increased lipid pools to lipid oxidation by eliciting lipid Peroxidation [6] .
Lipid-lowering drugs like statins and/or fibric acid derivatives have been used mainly to treat elevated levels of lipids and their associated adverse effects. It is likely that modern medicinal system is curing on one hand and causing side effects on the other hand [7] . Nowadays, the development of lipid-lowering drug or formulation from a natural source has gained importance. Hence, much attention has been focused on the use of natural products that have very few side effects [8] .
Emblica officinalis (Amla) is considered to have such medicinal values. Recently there has been renewed interest in Emblica Officinalis because of its multimode cardio protective activities. Emblica officinalis (Amla), has a strong antioxidant activity and found to have influences on the regulation of lipid metabolism [9] .
This study explains about the influence of supplementation of ethanolic extract of Emblica officinalis to rats fed with high-fat diet on cardiovascular pathophysiology and vascular chemistry including histopathology of myocardium histopathology and morphometry of elastic and the coronary artery.
MATERIALS AND METHODS

Collection and Authentication of Fruits
Fresh and good qualities of healthy fruits of Emblica officinalis (Amla) were procured from local market mainly in the month of November and December 2017. These fruits were identified and authenticated in the Department of Botany, K.C.P. Science College, Vijayapur, and Karnataka, India before further processing.
Process of Fruit Extraction
Fruits of Emblica officinalis were allowed to dry and dried fruits were coarsely powdered. Four hundred and eighty grams of dried, coarsely powdered fruit material was extracted with 99% ethanol using Soxhlet apparatus at a temperature below 60°C for 24 hours. The solvent was evaporated under vacuum which gave semisolid mass with (percentage yield 26%) respect to the dried powder [10] . This extract was stored as a stock solution in the refrigerator and diluted with distilled water when required. Voucher specimen No. BMPP/03 is deposited in our research laboratory for further reference.
Phytochemical Analysis
Preliminary phytochemical analysis of freshly prepared fruit extract was carried out by using standard procedures [11] .
Study Design
Animals
Healthy albino Wistar rats (n=24) of weight 180-220 gm were selected for the study. All animals were allowed to acclimatize for 7 days to the laboratory atmosphere at 22 
Diet
A control diet was prepared with protein (casein 18%), carbohydrate (Amylum 60%), fat (vegetable oil 20 %), vitamin and minerals 2%. Subsequently, high fat diet was prepared by keeping protein (casein18%), carbohydrate (Amylum 50%), fat (Vegetable oil 30 %), vitamin and minerals 2% [12] .
Experimental Protocol
All experimental rats were randomly divided into 4 groups, 6 rats in each group ( Table 1) . Ethanolic extracts of Emblica Officinalis (EEO) was diluted in distilled water and dose of 100 mg/Kg b. wt of rats was administered orally for 21 days using force-feeding needle with a syringe [13] .
Gravimetry
Body weight of each rat was measured at the beginning of the experiment (day 1) and on the day of sacrifice (day 22 nd ) by using a digital weighing machine (Practum1102-10IN). Further percent changes of weight gain of all rats were calculated.
Blood Collection
All animals were kept for an overnight fast on the 21 st day. Blood was collected in 10% EDTA tubes by doing retro-orbital puncture. Blood samples were centrifuged at x 2300 G for 10 min and serum was separated.
Vascular-Biochemical Parameters
Estimation of Serum MDA (Melondialdehyde) Level
MDA as a potent oxidative stress marker is an indicator of the end product of Lipid Peroxidation. It was evaluated by TBARS method [14] . Principle: Nitrate, the stable product of nitric oxide is reduced to nitrite by cadmium reduction method. The nitrite produced is determined by diazotization with sulphanilamide and coupling to N-naphthylethylenediamine. The intensity of the colored complex is measured at 540 nm.
Estimation eNOS/NOS3: (By ELISA Kit Method, YH ELISA Kit)
This kit is based on biotin double antibody sandwich technology to assay rat eNOS and readings were taken by Microplate reader (Merilyzer EIAquant).
Histopathology of Myocardium, Elastic Artery and Coronary Artery
After collecting the blood sample, all rats were sacrificed carefully by cervical dislocation. The anterior wall of the thoracic cage was opened by taking midline incision. Heart and elastic artery were carefully collected and isolated immediately and fixed in 10% neutral buffered formalin solution. The fixed tissues were processed routinely, and then embedded in paraffin, sectioned to 3-5 µm thickness, deparaffinized, and rehydrated by standard techniques. The impact of high fat diet and amla treatment was evaluated by microscopic changes in the microscopic architecture of myocardium elastic and coronary arteries.
Vascular Integrity Based on Histological Profile
Estimation of Elastic Artery Thickness
We measured the tunica intima, and tunica media both the layers and also we have estimated elastic artery lumen diameter like transverse, antero-posterior and lumen diameter (Fig. 1). 
Estimation of Coronary Artery Thickness
We measured the total wall thickness and coronary artery lumen diameter like transverse, antero-posterior and lumen diameter.
Normalized Wall Index
The outer and inner vessel wall counters were manually traced for the coronary artery using the Digimizer Image Analyzer software. The wall area, lumen area, and total vessel area were automatically calculated based on the counters drawn by the software program.
The normalized wall index was calculated by dividing the wall area by the total Vessel area.
= Normalized wall Index [15] .
Microscopic image of the artery was calibrated with Digimizer Image Analyzer at 40X [16].
Statistical Analysis
Values were expressed in mean ± SD. Intergroup significance was determined by One Way ANOVA followed by 'post hoc t tests' were done by using SPSS software Version 16. P ≤0.05 was considered statistically significant.
% Change Difference Calculation for Nonstatistical Analysis
E1=
Mean of Group I value -Mean of Group II value Mean of Group I value X 100
Similarly, we calculated E2 and E3 for group III and group IV in comparison tothe group I, respectively.
RESULTS
Phytochemical Screening
Phytochemical analysis in the present study has shown that Emblica officinalis (Amla) does not consist of any toxic ingredients. The major groups of phytochemicals like alkaloids, glycosides, reducing sugars, tannins and flavonoids were identified in the extraction. Table 2 shows a significant increase in body weights of rats in group III (high fat fed rats, 30% fats) as compared to group I (control, 20 % fats) on the 21 st day. Group IV rats (high fat fed rats, 30%+EEO) showed a significant decrease in final body weight of rats compared to group III rats. However, % body weight gain of rats of group IV was reduced compared to group III even though it was statistically insignificant. Fig. ( 2) depicts the percentage difference in initial body weight, final body weight and % change of body weight gain among groups. It shows a 39% difference in % of body weight gain between group I (control) vs. group III (high fat fed rat). After supplementation with EEO, high fat fed rats showed 6.8% of decrease in % body weight gain (E-3; group I vs. group IV).
Gravimetry
Vascular Chemistry
MDA levels showed significantly higher values in group III rats compared to control rats which indicate increased lipid Peroxidation and oxidative stress. Levels of antioxidants (Vitamin C and E) were higher in group II rats compared to control. We observed decreased levels of these antioxidants in group III rats (rats fed with high fat diet) Unaltered eNOS/NOS3 protein with decreased levels of NO in high fat fed rats indicates a possible alteration of vascular pathophysiology than oxidative stress ( Table 3) . Percentage change for MDA between control (group I) and rats fed with high fat diet group (group III) was 54.8% (E-2; group I vs. group III). After supplementation with EEO to high fat diet fed rats, there was a significant decrease in percentage difference i.e. 44.4% (E-3; group I vs. group IV). Percentage change for vitamin C between control (group 1) and rats fed with high fat diet (group 3) was -4.33% (E-2; group1 vs. group 3). After supplementation with EEO to high fat fed rats, there was a significant increase in percentage difference upto 8.01%
(E-3; group 1 vs. group 4). There was -12.7% decrease in percentage change for vitamin E between control and rats fed with high fat diet (E-2; group 1 vs. group 3). After supplementation with EEO, this percentage difference was significantly increased to -6.17% between group 1 and group 4 (E-3; group1 vs. group 4). Percentage difference for NO was -23.4% between the control group and rats fed with high fat diet (E-2; group I vs. group III). After supplementation with EEO to rats fed with high fat diet, percentage difference was increased to 44% (E-3; group I vs. group IV). There was 1.64% change for NOS3 between control and rats fed with high fat diet (E-2; group I vs. group III). After treatment with EEO this percentage difference was increased to 7.4% between group I and group IV (E-3; group I vs. group IV).
Histopathology
Myocardium
Myocardium, elastic artery and coronary arteries were stained with H & E and these sections were studied under the compound microscope for all the four groups of rats. Groups I, II and IV showed the healthy morphological architecture of basal part of myocardial tissue within normal limits. High fat diet fed rats (group III) showed no myocardial damage like edema, leukocyte infiltration and necrosis. Subsequently, it wasobserved that group IV rats showed normal, healthy morphology of ventricular musculature (Myocardium) (Fig. 4). 
Elastic Artery
The H&E stained 40X section of the group I and II rats showed typical 3 layers i.e. the tunica intima layer with endothelial cells lining, the tunica media layer with the normal arrangement of elastic lamellae and the horizontally oriented spindle-shaped nuclei of the smooth muscle cells and finally the layer of tunica adventitia. Group III rats presented morphological alterations in the cell nuclei of smooth muscle in the tunica media. The tunica media showed the degeneration, round shape and the hyperplasia of the smooth muscle cell nuclei. We have also observed subintimal atheromatous plaques in group III rats (Fig. 5) .
The microscopic structure of all 3 layers of the elastic artery (tunica intima, media and adventitia) of group IV rats showed the healthy architecture of elastic artery and significantly normal compared with group III.
Histomorphometry of Elastic Artery
We observed a significant decrease in thickness of tunica intima layer of the elastic artery in group III rats compared to control group rats whereas (Table 4), Emblica officinalis (Amla) supplemented groups show normal elastic artery thickness. Interestingly tunica media thicknesses in group III rats have not shown any significant alteration in thickness.
The results shown in Table 5 clearly indicate a significant decrease in anteroposterior lumen diameter, transverse diameter and area of arterial lumen in group III rats. Group IV rats have shown significant improvement in antero-posterior, transverse diameter and lumen area compared to group III rats.
Coronary Artery
The H & E stained section of myocardium containing coronary artery of group I, II and IV are showing normal and healthy microscopic architecture. The tunica intima layer is signifying with intact endothelial cell lining, tunica media with normal arrangement of internal elastic lamellae and well-defined spindle-shaped smooth muscle cells. Coronary artery in group III rats represented morphological alterations in the lumen and arterial wall. We have observed an early change of atherosclerotic plaques in the coronary arterial lumen in group III rats. The atherosclerotic plaques are in the form of fatty changes in the subendothelial layer as well as in the arterial wall. Hence, coronary arterial wall showed mild degeneration, round shaped hyperplasia of smooth muscle cell nuclei (Fig. 6) . We even observed that the coronary arterial wall thickness is significantly increased in group III rats compared to group I, whereas coronary artery wall thickness in group IV is significantly decreased and is showing healthy normal architecture when compared to group II. High fat fed rats supplemented with Emblica Officinalis (Group IV) have shown a remarkable improvement of architecture of coronary arterial wall as compared to group III (Fig. 6d) . Table 6 depicts the significant increase of coronary arterial wall thickness in group III rats compared to the control group. Supplementation of Emblica officinalis (Amla) to high fat fed rats has shown remarkable improvement in coronary arterial wall thickness compared to group III rats.
Histomorphometry of Coronary Artery
The results shown in Table 7 depict a significant narrowing of vascular integrity by reducing anteroposterior diameter, transverse diameter and compromising area of the coronary arterial lumen. Interestingly, group IV rats showed ameliorating effect of Emblica officinalis on lipid-induced impact on coronary arterial vascular integrity.
The results shown in Table 8 clearly indicate a significant increase in NWI in group III rats compared with group I rats. In the case of group IV rats, NWI was found significantly decreased compared to group III rats. Increase in the thickness of arterial wall and a decrease in the arterial lumen in group III were due to early changes of atherosclerosis in the form of foam cells macrovesicular and microvesicular. The mean wall area and mean lumen area slightly decreased in the elastic and coronary arteries of group III when compared to group I. 
DISCUSSION
Vascular Chemistry
Results of this study imply that the development of Cardiovascular Diseases (CVD) is multifactorial but among all, dietary fat is having a detrimental effect on cardiovascular health. High fat diet stimulates metabolic and vascular alterations [17] . Our results further indicate the cardioprotective actions of ethanolic extract of Emblica officinalis (Amla) in high fat fed rats. It is due to an increase in cardiac glycogen and myocardial adaptation by augmenting endogenous antioxidants and protects rat heart from oxidative stress [18] .
Mainly saturated fats produce positive energy balance and lead to increase fat deposition specifically in the vasculature and around visceral organs. High-fat diet may affect the cardiovascular system through a direct, endothelial dependent pathway and/or an indirect, cholesterol-dependent pathway [2] .
Our results show vascular abnormalities with an alteration in endothelial L-arginine/NO pathway. The production and/or release of Nitric Oxide (NO) is an important endothelial factor involved in the regulation of vascular tone [19] .
Eventually, endothelial NOS (eNOS) is a potent regulator for numerous essential cardiovascular functions. Endothelial NOS-derived NO dilates all types of blood vessels by stimulating soluble guanylyl cyclase and increasing cyclic GMP in smooth muscle cells [20] . Cardiovascular and vascular diseases represent with endothelial dysfunction, i.e. the inability of the endothelial to generate sufficient amounts of bioactive NO (and to produce NO-mediated vasodilation) [21] . These cardiovascular risk factors and vascular diseases are linked with increased production of ROS. Oxidative stress converts eNOS from NO producing enzyme to an enzyme which generates O 2 [22] . The main adverse effect of ROS on endothelial cells is that it shows decreased bioavailability of NO, as a result of eNOS uncoupling [23] .
Recently it has been reported that high fat diet induced rats have shown endothelial dysfunction through increased NADPH oxidase derived oxidative stress and production of pro-inflammatory cytokines. The altered angiogenic process occurring due to change in NO -was observed upon fat expansion, giving rise to hypoxia [24] . Hence, ROS-induced endothelial dysfunction will not only impair blood flow regulation but also restrict capillary network formation. Such alterations will result ultimately in the attenuation of microcirculatory network in metabolic active tissues [25] . Unaltered eNOS protein with decreased NO in high fat fed rats of the present study indicate a possible alteration of vascular pathophysiology probably through oxygen sensing cell signaling pathway [26] .
It has been well-documented in various studies that Amla is a powerful antioxidant. It has also been noted that phenolic and flavonoid contents in ethanolic extracts of Amla have shown an antioxidant potential by inhibiting auto-oxidation via free radical scavenging, singlet oxygen quenching and hydrogen donating mechanisms [27, 28] . Subsequently, results also show that ellagic acid and ascorbic acid present in extracts of amla may accelerate antioxidant property by the increase in nitric oxide and decrease in hydroxyl radicals through its free radical scavenging property and by preventing LDL oxidation [29] .
Cardiovascular Histopathology
Myocardium
Normally, the excess lipid may stimulate mitochondria overload and activate myocardial molecular intimal cardiac remodeling. In the present study, ventricular histology did not show any significant change in group III rats, except in few rat's myocardium containing coronary artery is showing an early change of atherosclerosis which indicates minimal cardiac metabolic disturbances by high dietary fat.
Vascular Histopathology
Elastic Artery
The present study indicates that the endothelial layer of elastic artery shows early changes of atherosclerotic plaque and also there is a mild alteration in the arterial wall histology. These alterations may include arterial wall modification with component changes in the arterial wall and same in the stiffer aorta [30] . It has already been reported that alterations in layers of elastic artery (tunica intima and tunica media) with respect to high fat diet may further lead to increased arterial stiffness from small arteries to large arteries [31] . It was reported that aortic intima and media thickness was an earlier marker of clinical atherosclerosis, which had been observed in group III rats in the present study [32] . The function of elastic fibers in the arterial wall was to maintain the tension without the constant expenditure of energy. According to Burton, the arterial tension has a correlation to the amount of elastic tissue present in the vessel wall. Since coronary arteries arise from the root of the aorta, they are subjected to maximum pressure during each cardiac cycle and hence have abundant elastic fibers to maintain arterial tension [33] .
The result indicates loss of arterial compliance with possible stiffening accompanied by histological modification of arterial wall due to high fat diet. Perhaps the internal elastic lamina or media component might be enriching fiber components such as collagen and elastin. The high fat diet induces changes in this vascular integrity and induces loss of elasticity. This increase in collagen was partly an addition to the bulk of the media but in later life, it was partly at the expense of smooth muscle [34] . Thus, alteration in mechanical priority may lead to severe cardiovascular dysfunction [35] .
In the present study, the supplementation of Emblica officinalis (Amla) shows a significant improvement in the diameter of lumen accompanied by a significant decrease of arterial wall thickness in rats fed with high lipid diet. These results clearly show improvement of the elastic arterial property with supplementation of Emblica officinalis (Amla) in group IV rats.
Coronary Artery
In our observation of coronary arterial wall and lumen integrity, changes shown in the lumen area indicate an early change of atherosclerosis in tunica intima as well as tunica media in high fat fed rats. Atherosclerosis is a disease of the Tunica intima and which is separated from the Tunica media layer by the internal elastic lamina [36] . The tunica media consists of up to 40 layers of circumferential or helical oriented smooth muscles. The normal tunica media ranges in thickness from 125-350 pm (average 200 pm). Tunica media thickness underlying diseased intima (atherosclerotic plaque) is considerably thinner, ranging from 16 to 190 pm (mean 80 pm) [37] . The smooth muscle cells are embedded in a glycoprotein mix that stains heavily with the periodic acid-Schiff reactions (being PAS positive). One of the most important initial events in the development of atherosclerosis is the accumulation of cells containing excess lipid within the arterial wall which are mostly macrophages and transformed monocytes, which engulf oxidized LDL to become foam cell of fat-laden macrophages [38] .
In the present study, abnormal increase in intimal thickening due to high fat diet probably induces vascular derangement resulting in insufficient oxygen tension in tissues of arterial wall [33] . Further, coronary arterial histopathology in high fat diet showed internal elastic lamina splitting, fraying, fragmentation and reduplication [33] . The present study also reported increased coronary arterial wall thickness with concomitant reduction of the coronary arterial wall area (change of anteroposterior and transverse diameter) in group III rats. This is attributed to happen series of pathology such as of high oxidized LDL oxidation, ROS generated oxidative stress, transformation of monocytes to macrophages and further develop foam cell, which fills subintimal layer and forms fatty streak in the coronary artery [39] . The fat induced injury on a subintimal layer may also initiate various cytokines and growth factors which stimulate migration and proliferation of smooth muscle cell that became intermix with the area of inflammation to form intermediary lesions and reduces lumen diameter. Such responses continue further, may cause an increase in the thickness of the coronary arterial wall with compensatory slow dilation [40] . Thickening of coronary arterial wall definitely compromises coronary arterial lumen diameter and surface area which we have noticed in our observation in high fat fed rats.
The antioxidant effect of Embilica officinalis (Amla) observed in the present study may be mediated by protecting LDL oxidation [41] . The substantial improvement of coronary arterial wall thickness, lumen diameter and lumen area after supplementation with Embilica officinalis (Amla) might be due to their potential impact of HMG CoA reductase pathways in lipid metabolism [42] .
Normalized Wall Index
It has been reported that the normalized wall index as an indicator of cardiovascular diseases and mean wall index might be useful to assess the atherosclerotic disease burden [43] . The present study reported significant changes in mean lumen area in high fat fed rats, although many cardiovascular diseases do not show any changes in lumen area. Hence, lumen area is considered to be a less sensitive marker than normalized wall index in assessing the atherosclerotic disease burden. The decrease in normalized wall index in rats fed with high fat diet indicate negative remodeling and supplementation of Emblica officinalis (Amla) shows a remarkable improvement in normalized wall index which may be considered passive indicator for coronary arterial structural integrity [43] . This may be one of the first attempts to evaluate the normalized wall index of coronary artery in an experimental animal by histopathology.
CONCLUSION
10% of the extra fat for subchronic period albino Wister rats develops alterations in vascular chemistry possibly through oxidant-antioxidant imbalance in albino rats. High fat diet (30% fat) also induces altered pathophysiology of metabolically active tissues and vascular architecture. These observations were further corroborated with the histopathological study on the myocardium, elastic artery and coronary artery. Ethanolic extracts of Emblica Officinalis supplementation were found to be beneficial against high fat induced vascular alterations in terms of functions and architecture. It is mainly due to the fact that Emblica Officinalis contains many biological compounds like tannins, gallic acids, flavonoids, etc. which possess medicinal properties. Probably polyphenolic compounds and flavonoids of EEO might have the protective role by various means like antioxidant activities. EEO might have cardioprotective actions in high fat fed rats by modulating cardiac functions. Supplementation of EEO as an antioxidant ameliorates fat induced oxidative stress in metabolically active tissues which further protects cardiovascular health. The supportive possible mechanisms are depicted in Fig. (7) to elaborate the beneficial effect of EEO in high fat fed rats. 
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